Although the role of market knowledge competence in enhancing new product advantage is assumed widely in the literature, empirical studies are lacking because of an absence of the concept definition. In this study, the authors conceptualize market knowledge competence as the processes that generate and integrate market knowledge. The authors test the conceptual mode! using data collected from the software industry. The findings show that each of the three processes of market knowledge competence exerts a positive influence on new product advantage. The results also reveal a positive association between new product advantage and product market performance. The findings regarding the antecedents indicate that the perceived importance of market knowledge by top management has the largest impact on the processes of market knowledge competence.
I n recent years, there has been a trend among organizations to forge a linkage between markets and new product development activities. Among the most publicized examples are the following:
• Microsoft established beta sites to seek customer knowledge in all importanl phases of new software development, from generating product specifications to alpha (verifying that the software conforms to specifications) and gamma (final checking ofthe product before its release) testitig. Micmsofl attributes Us continued market success to its vigorous pursuit of customer knowledge in new product development,
• Silicon Graphics Inc. (SGI) adopted a policy of cultivating customer knowledge in its product innovation process. When designing its new generation of graphics supercomputers. Onyx, SGI actively sought knowledge from heavy graphics users such as Walt Disney's Imagincering Group, the technical producer itf Aladdin, and Coryphaeus Software, a developer of space shuttle simulation software. Onyx turned out to he one of the most popular graphics supercomputers.
• General Motors (GM) embraced the concept of competitive benchmarking to revitalize its long-lost leadership in automobile innovation. With this new thrust. GM founded the Knowledge Center in the industrial Detroit suburb of Warren, where competitors' vehicles, from Fords to Toyotas, are examined and studied microscopically. Although GM is a latecomer in endorsing competitive benchmarking, the company quickly has made the concept an indispensable part of its tumaround strategy.
Tbese examples, tbough notable, are representative of wbat has emerged as the major development in new product management. In all cases, the company generated market knowledge, about eitber customers or competitors, to enbance its new product advantage. Tbe etnergencc of tbis trend in new product development is not coincidental but concurrent witb a growing stream of literature in marketing tbat centers on tbe topic of market knowledge competence. In his study of market knowledge and its strategic implications, Glazer (1991) considers tnarket knowledge competence a strategic asset of an organization. Hamel and Prahaiad (1994) and Sinkula (1994) consider market knowledge competence a core organizational competence. Cooper (1992) , Day (1994) , and Griftm and Hauser (1992) propose using market knowledge competence to enhance new product advantage.
Althougb tbese studies bave enricbed our understanding of market knowledge competence, several issues remain unuddressed. First, though previous researcb suggests tbat market knowledge competence plays an itnportant role in new product development, tbe eoncept of market knowledge competence bas not been defined and operationalized formally. Because of this gap in concept devek)pment, few empirical investigations bave been attempted, and consequently, tbe impact of market knowledge competence on new product advantage is almost undocutnented. Second. Jaworski and Kohli (1993) and Narver and Slater (1990) make a significant contribution to tnarket knowledge competence by capturing aspects of tbe concept with a focus on customer and competitor orientation. However, several subissues musl be addressed. Because Jaworski and Kohli (1993) were interested mainly in the overall impact of market orientation on business pertbrmance, their operational-ization docs nol diffcrcnlialc between the activities of customer and competitor intormation generation, which are distinct in practice. Furthermore, because Narver and Slater (1990) were facing the pioneering task of developing a measure of market orientation, they include both information processing and cultural norms as indicators. As a result, differentiated market information processes in new product development remain unexamincd. Third, though previous research {Gupta, Raj, and Wilemon 1986; Wheelwright and Clark 1992) suggests that a business environment influences organizational behavior in new produci development, few studies provide empirical results regarding the effect of a competitive environment on product innovation activities. The one exception, Olson, Walker, and Ruekert's (1995) study, examines how organizational structures influence product outcomes. However, their research is confined to coordination structures, and competitive factors, such as customer characteristics and technology change, are not considered.
We address these gaps in research by presenting and testing a conceptual model of market knowledge competence in new product development. Synthesizing marketing, business strategy, and new product developmenl literature, this study seeks answers to four primary questions: (I) How is the concept of market knowledge competence defined and operationalized? (2) What is the impact of market knowledge competence on new product advantage? (3) Does new product advantage enhance market performance? and (4) How do external and internal factors affect market knowledge competence?
Market Knowledge Competence:
A Conceptual Framework
Recognizing Market Knowledge Competence
Recognizing tbe Importance of market knowledge competence is a recent pbenomenon in theory development. In neoclassical economic theory, the most important resources for production are labor, land, and capital. However, as information and knowledge replace matter and energy as the primary resources of production (Bell 1973) , neoclassical theory becomes less tenable and is supplanted by the re source-based theory of the firm (Barney 1991; Conner 1991; Day 1994; Hunt and Morgan 1995) , which expands the kinds of resources (from labor, land, and capital) to include such intangible ones as market knowledge competence, organizational culture, and management skills. Tbe uncovering of market knowledge competence as a resource is particularly significant because market knowledge competence is a "higher order" resource and, when harnessed, might yield competitive advantage (Hunt and Morgan 1995, p. 8) . Although the resource view of market knowledge competence represents an advancement in theory development, a working definition of the concept is necessary for empirical examination because tbe tertn "resource" itself is an umbrella notion that covers both tangible and intangible assets and is not intended to convey the properties of market knowledge competence alone.
Defining Market Knowledge Competence
Market knowledge and market knowledge competence are two related yet separate concepts. We define market knowledge as organized and structured information about tbe market. Here, organized means it is the resull of systematic processing (as opposed to random picking), and structured implies ihat it is endowed with useful meaning (as opposed to discrete items of irrelevant data). We define market knowledge competence as the processes that generate and integrate market knowledge. Here, processes implies it is a series of activities (as opposed to instants of thoughts). The distinction between the two is important for empirical studies because the former is a stock, and the latter is a set of processes that generate the slock. We specifically treat the latter Understanding competence as a series of processes stems from several studies. In his research on market-driven organizations. Day (1994, p. 38) defines competence as "complex bundles of skills and collective learning, exercised through organizational processes." In their study of the core competencies of the corporation, Prahalad and Hamel (1990) identify a firm's processes of market interaction and functional integration as core organizational competencies. Furthermore, in an investigation of key issues in produci innovation, Drucker (1985) traces a firm's competence in new product development to its processes of generating knowledge about customers and competitors and integrating such knowledge witb tecbnology.
As a series of processes, market knowledge competence exhibits several characteristics, including (I) inimitableness, becau.se proces.ses of generating market knowledge are embedded in organizational cognitive activities and are not observed readily from outside (Day 1994; Prabalad and Hamel 1990) ; (2) immobility, because these processes arc created within the firm and cannol be purchased in the market (Day 1994) ; and (3) undiminishableness, because unlike machines, whose value depreciates over time, the utility of these processes docs not diminish with usage (Prahalad and Hamel 1990) .
Operationalizing Market Knowledge Competence
In this research, we sugge.sl thai market knowledge competence in new product development is composed of three processes: (I) a customer knowledge process, (2) a competitor knowledge process, and (3) the marketing-research and development (R&D) interface. A customer knowledge process refers to the set of behavioral activities that generates customer knowledge pertaining to customers' current and potential needs for new products. A conipclitor knowledge process involves the set of bebavioral activities tbat generates knowledge about competitors' products and strategies. The niarketing-R&D interface refers to the process in which marketing and R&D functions communicate and cooperate with each other.
Our operationalization is complementary to studies of market orientation in .several aspects. First, anchored on the twin domains of market orientation (customer and competitor orientation), the operationalization extends to include the marketing-R&D interface as a third process because of its role in market knowledge integration. According to marketing-R&D interface theory (GritTin and Hauser 1992; Gupta, Raj, and Wilemon 1986; Song and Dyer 1995; Song and Parry 1997) , it is through the tnarketing-R&D interface thai market knowledge is transferred to and integrated with lechnological knowledge. Without the interface process, the marketing and R&D functions would be segregated, resulting in underuse of market knowledge. As Day (1991, p, 13) argues, "Market knowledge is not fully captured in a usable form until the lessons and insights are transferred beyond those who gain the experience."
Second, though it focuses on activities in which a market-oriented UtTii engages, our operationalization is more parsimonious because customer and competitor knowledge processes are treated as two differentiable sets of behavioral activities. When Jaworski and Kohli (1993) examined the effects of organizational information systems in a market orientation, they did not differentiate the behavioral activities of customer and competitor information generation. The differentiation is important because each set of behavioral activities holds its own locus of interest. A customer knowledge process is distinct from a competitor knowledge process because the customer is a separate object of perception, which requires a different set of cognitive activities to learn and understand (Day and Wensley 1983; Griffin and Hauser 1991) . This treatment is a priori for an empirical investigation of their differentiated impacts on performance.
Third, our operationalization addresses the ambiguity of using both activities and culture items in measuring processes. When Narver and Slater (1990) developed a measure of market orientation, they encountered the enormous task of integrating both a cultural and a behavioral approach to market orientation. Consequently, some of their measures of information processing were more reflective of cultural norms. In our operationalization, we perceive market knowledge competence as a series of organizational processes that are distinct from cultural norms. This is consistent with a recent study by Slater and Narver (1995, p. 72) that distinguisbes organizational prtx:esses from cultural norms and suggests that "[a]n important area for further research is to understand how features of the organization's culture and climate facilitate those processes, as well as dctennine whether they lead to superior learning outcomes."
A Model of Market Knowledge Competence and New Product Advantage
A schematic modei of market knowledge competence and new product advantage appears in Figure I . The model consists of three dimensions: contributing factors to new product advantage, new product outcomes, and environmental antecedents. The model includes R&D strength as a secondary contributing factor to new product advantage be- 
Antecedents

Contributing Eactors
Outcomes cause of its generally recognized role in new product development. Research and dcveiopmenl forms the cornerstone of the traditional paradigm' for product innovation (Galbraith 1952; Kaniicn and Schwartz 1982; Schumpeter 1961) . In the paradigm, new product outcomes are assumed to be dependoni on the scale of investment in R&D. Furthermore, Ihc Icchnology-push hypothesis (Chidamber and Kon 1994; Freeman 1994 ), a hypothesis derived from the traditional pariidigtii. denotes R&D strength a.s the major determinant of new product advantage. More recently. Day (1994) considers R&D strength a major internal capability and believes that strong R&D provides a technological base indispensable lo new product development. The proposed relationships between the components of market knowledge competence and external and internal antecedents arc based on the principle of coalignment-between organizational behavior and environment (Day and Wensley 1988; Lawrence and Lorsch 1967; Venkatraman and Prescoll 1990) , This principle slates thai (I) a firm's contextual environment-whether the external environment or inlcrnai characteristics (McKee, Varadarajan, and Pride 1989)-changes over time, (2) the effectiveness ofa firm's behavioral processes is contingent on ihc changing environment (McKce, Varadarajan, and Pride 1989) , and (3) the responsive level of behavioral processes has significant implications for new product outcomes (Gupta, Raj, and Wilemon 1986; Wheelwright and Clark 1992) , We next develop and hypothesize the relationships among tbe constructs individually.
Customer Knowiedge Process
Consistent with organizational learning theory (Huber 1991; Sinkula 1994 ). we view a customer knowledge process as consisting of three sequential aspects: customer information acquisition, interpretation, and integration. In practice, information about buyer needs for new products can be acquired with firm-buyer interaction activities, such as regular meetings and discussions (Kohli and Jaworski 1990) , personal interviews and focus groups (Griffin and Hauser 1991; Ram 1989) , and problem-solving sessions (Von Hippc! 1986) . Then, the obtained infortnation can be interpreted through various analytical procedures, such as identifying, structuring, and prioritizing needs (Griffin and Hauser 1991) and examining needs compatibility, complexity, and divisibility (Holak and Lehmann 1990) . Finally, the analyzed informalion can be integrated into a new product design through blending techniques, such as maiching product attributes with needs.
'The traditional paradigm also is called tbe "Schumpeterian Tbeory," customarily attributed to Schumpeter (1961) in the literature but actually developed and cryslalli/cd by Galbraith (1952) and other economists. Works by Chidamber and Kon (1994) . Freeman (1994) . and Kamicn and Schwartz (1982) categorize studies based on the traditional paradigm as belonging to one of the maji>r streams of research on product development and innovation, -We adopt the environment -> firm behavior -> perfonnance paradigm, as is recommended by the coalignment principle. Because this principle, in general, does noi assume a direct relationship between environment and performance, no direct relationsbips between environmental antecedents and performance arc hypothesized.
A customer knowledge pri)cess enhances new product advantage because it enables a firm to explore innovation opportunities created by emerging market demand and reduce potential risks of misfitting buyer needs. Several studies empirically investigate the process implementation and consequences. In a study of 56 industrial organizations, Sanchez and Elola (1991, p. 51) fmd that certain activities in a customer knowledge process are "the most frequent method of finding out whether or not there is a suitable market for the new product, which correlates with ihc preponderance of ihe market as a source of new ideas." The authors believe that these activities provide "the greatest stimulus lo innovation in the industrial firms analyzed" (p. 51). Furthermore, Cooper (1992, p. 124) observes thai the process "would detennine product performance requirements and confinn or refute that proposed feaiure.s were indeed customer benefits and of value to customers." In his research on NewProd projects involving finns in the United States. Canada, and Europe, Cooper (1992) identifies a customer knowled}>e process as a critical factor in enhancing new product characteristics. This leads to our first hypothesis:
H|: The more inten.se the customer knowledge process in new product development, the greater the new product advantage will be.
Marketing-R&D interface
As is proposed by interface theory (Griffin and Hauser 1992; Gupta, Raj. and Wilemon 1986; Song and Dyer 1995; Song and Parry 1997) , a bigher level of disintegration between marketing and R&D functions increases the degree of mismatch between what is needed in the market and what is developed, whereas a higher level of synergy between them enhances the prospect of new prodt'.ct acceptance. In product competition, the marketing-R&D interface might detertnine the outcome, because a firm with better interfacing is able to realize its technological capability more efficiently than its competition by identifying innovative product features desired by the market. Because of its importance in new product development, the sludy of the marketing-R&D Interface has become the main thrust of a stream of literalure (Griffin and Hauser 1992; Gupta, Raj. and Wilemon 1986; Mocnaert and Souder 1990; Song and Dyer 1995; Song and Parry 1997; Souder 1988) . The fmdings support the proposition that the interface enhances new product advantage. Summarizing previous research. Griffin and Hauser (1991. p. 5) comment that the evidence of the markcting-R&D interlace leading to product competiiiveness is "strong, consistent, common to a variety of methodologies, and seemingly applicable to both services and products and in bolh consumer and industrial markets." Therefore, H2: The mt)rc intense Ihc markcting-R&D interlace in new product development, the greater the new product advantage will be.
Competitor Knowledge Process
Similar to a customer knowledge prt)ccss. this process also involves three behavioral aspects: ct)inpclitor information acquisition, interpretation, and integration. According to competitive information literature (Day and Wensley 1983, 1988; Dickson 1992 ), a competitor knowledge process plays a significant role in diagnostic benchmarking. In a given product market, firms can be classified into one of three positions: inferiority, parity, or superiority. In the ftrsl case, a firm is Inferior to its competitors on key dimensions of product innovation, such as technology ownership, resource control, and prtxiuct characteristics (functions, forms, and performance). In the second case, a firm gains comparable footing on these dimensions. In the third case, a firm is superior to its competilors. Generation of competitor knowledge is strategically importani because il provides a diagnostic framework in which a firm can benchmark its position. As Day and Wensley (1988, p. I) note, "Without a proper diagnosis, managers cannot choose the best moves to defend or enhance the cunent position." More important, a competitor knowledge process creates information asymmetry between firms thai are more or less intense in implementing the process. A firm with more competitive information is able lo use its knowledge in several ways, including pitching its strengths against a competitor's weakness, internalizing a competitor's strengths by imitation, or nullifying a competitor's strengths by product differentiation. To emphasize the role of a competitor knowledge process, De Geus (1988, p. 74) predicts that "tbe only competitive advantage the company of the future will have is its managers' ability to learn [about their competitors] faster than [thcirl competitors." Although the idea that a competitor knowledge process strengthens competitiveness is well conceptualized in the literature, empirical studies are lacking. Therefore, we present the following hypothesis:
HvThe more intense tbe competitor knowledge process in new product development, the greater the new product advantage will be,
R&D Strength
Research and development strength refers to a company's resources and capacity for new technology development. Both the traditional economic paradigm and contemporary research on new product development assume that R&D strength has a positive impact on new product outcomes. The economic paradigm justifies the relationship with a production function schedule. In product management studies (Hill and Sneil 1989; Szymanski, Bharadwaj, and Varadarajan 1993) , R&D strength is expected to be related positively lo product advantage, because firms with greater technology development resources are more likely to create products with more innovative features. However, research findings are mixed. In a meta-analysis of 76 studies (Szymanski, Bharadwaj, and Varadarajan 1993) , the positive impact of R&D strength is not substantiated. In an investigation of 122 industrial firms. Cooper (1983, p. 248) observes that R&D strength has a significant effect on a firm's ability to produce "highly innovative and high-lechnology products-ones thai are mechanically and technically complex, affect strongly customer use behavior, and feature several differential advantages. " Holak, Parry, and Song (1991) present several scenarios based on the PIMS database and show divergent effecis of R&D on outcome measures. In general, they demonstrate that R&D exerts a positive impact on performance. The ambivalent results from previous research make it more worthwhile to address the issue. Therefore, H4: The greater the R&D strength, tbe greater tbe new product advantage will be.
New Product Advantage
Previous research (Calantone and Cooper 1981; Cooper 1992; Crawford 1987; Edgett, Shipley, and Forbes 1992; Griffin and Hauser 1991) suggests tbal new product attributes, such as new product quality, reliability, newness, and uniqueness, provide a more concrete picture ofa firm's ability to meet customer needs, and "differences between alternatives on the important attributes provide direct evidence of advantage" (Day and Wensley 1988, p. 14) , Although quality and reliability are traditional measures of new product advantage. Cooper (1983. p. 248) identifies new product uniqtteness^ as an important attribute of differential advantage and reports that "programs that have a major impact on the firm involve highly innovative and high-technology products-ones that feature several differential advantages (offer unique features to the customer and permit ihe customer to do a unique task)." More recently. Song and Parry (1997, p, 66) review measures of product advantage adopted in previous research and find "a significant positive relationship between tbe level of new product success and measures of product competitive advantage, such as the presence of unique features, relatively high product quality, and the ability lo reduce consumer costs or enable the consumer to perform a unique task."
New product advantage might be conelated positively with product market perfortnance, which refers lo the level of financial and competitive outcomes in the market, as are displayed in profit, return on investment, and market share. Buyers generally form favorable perceptions of new prtxlucts with superior features (Carpenter and Nakamoto 1989) , and they prefer such products in terms of bolh purchase preference and actual behavior when the benefits of these features outweigh the costs (Alpert and Kamins 1995), Furthermore, empirical studies in new product development (Cooper 1983 (Cooper . 1992 Edgett, Shipley, and Forbes 1992) provide some evidence that new product advantage leads to superior product performance. Therefore, H^: The greater the new product advantage, the better the product market performance will be.
External and Internal Antecedents
In this sludy, we include four antecedents in the model, three external and one internal. Customer demandingness. com-'One reviewer suggested tbat "uniqueness" alone migbt not always translate into product advantage, particularly if Ihis feature is associated with mature products, such as mouse traps. In this study, we took several steps to avoid associating uniqueness with this type of product. First, the product category chosen to test tbe model is characterized by a high degree of product innovation. Second. the informant was requested to select an innovative new product lor evaluation. Third, six otber indicators were adopted to measure product advantage, in addition to uniqueness. petition intensity, and technology change are ihe external antecedents because ihey represent the three fundamental forces in markets: customer, competitor, and technology (Kotler 1994) . The influence of these forces on the behavioral activities of new product development generally is conceived of in the iiteralure; empirical validation is sparse. Perceived importance of market knowledge is an internal antecedent because of ils significance in the research agenda. In a recent study. Slater and Narver (1995) suggest that an important area for additional research is the invcstlgalion of how features of an organization's culture influence its processes. The construct of top management's {perception fits this agenda because executives' mind-set is indicative of the cultural atmosphere in an organization.
Customer demandingness. The first antecedent that we hypothesize to have an effect on the behavioral activities of market knowledge competence is customer demandingness, whicb is characterized by the level of buyers' requiretnents for product performance and the sophistication of their technical standards and specifications. This characteristic is emphasized by Wheelwright and Clark (1992, p. 2) , who observe that "customers have grown more sophisticated and demanding. Previously unheard of levels of performance and reliability are today the expected standard. Increasing sophistication means that customers are more sensitive u> nuances and differences in a product and arc attracted lo products thai provide solutions to their particular problems and needs."
Several studies point to customer demandingness as a main catalyst for firms to implement processes t)f market knowledge competence (Gupta, Raj, and Wilemon 1986; Wheelwright and Clark 1992) . As customers become more demanding, firms are prompted to intensify their activities and learn specific customer needs to develop needs-satisfying products with superior value (Wheelwright and Clark 1992). Porter (1990) offers a proaclive reason for firms to link customer demandingness and a customer knowledge process. He suggests that firms intentionally seek the most demanding customers as a motivating factor in tbeir pursuance of knowledge about advanced market needs.
Furthermore, Gupta, Raj, and Wilemon (1986) suggest that greater customer demandingness is likely to necessitate greater integration of knowledge between marketing and R&D because greater customer demandingness may signal a gap between customer requirements and the product offering, and such a gap can be closed only when ihe two functions communicate and cooperate in their information processing procedures. In addition, greater customer demandingness may indicate that customers are not satisfied with existing products, which should push firms to increase their R&D investment and develop new products lo replace those in the market. We therefore propose that Hft^: Tbe greater tbe customer demandingness. the more intense the customer knowledge process in new product development will be, Hf,!,: The greater the customer demandingness. the greater the marketing-R&D interface process in new product development will be. Hft^. : The greater tbe customer demandingness. ihe greater the R&D strength will be.
Competition intensity. Competition intensity refers to the degree of competitive strength in a product market. As Kohli and Jaworski (1990) observe, in the absence of competition, monitoring competilors is not a necessity, by default. However, in conditions of intensified competition, competitor inlonnalion gathering is essential for two reasons. First, intensified competition increases market uncertainty and unpredictability (Gupta, Raj, and Wilemon I9K6) and monitoring competition may help firms better anticipate changes in competitors' new product strategies and reduce market unpredictability. Second, with intensified competition, product advantage and market share become more volatile, and negligence of competitors may further erode a firm's market position (Day and Wensley 1988) . Recent studies in new product development (Bridges. Ensor, and Thompson 1992; Song and Dyer 1995) offer empirical evidence in support of the view that the need for competitor intelligence is contingent on competition intensity in high-lechnology firms. Stated formally, H7: The greater the competition intensity, the more intense the competitor knowledge process in new product development will be.
Technologx change. Technology change refers to the speed of technology development in a product market. Researchers hold ambivalent beliefs about the effect of technology cbange. On the one hand. Day and Wensley (1988) and Narver and Slaler (1990) argue that, when technology experiences rapid change, it is imperative for firms to interact with customers because customer needs and preferences can provide direction for a changing product market. On the other hand, Jaworski and Kohli (1993) suggest that, when technology undergoes speedy evolution, ihc importance of customer infonnation generation might be diminished because customers may know little about the na.sccnt technology, and therefore, close interaction with customers will provide little insight into the emerging markets. Wilh these conflicting arguments, an empirical investigation is necessary. Therefore, we propo.se the following hypothesis:
H^^: Tbe rate of technology cbange will affect the intensity of tbe customer knowledge process in new product development. In a product market, in which technology undergoes a rapid change, firms may have an urgent need to engage in intelligence gathering, because close monitoring of competition provides early warnings about whether competitors can use opportunities created by an emerging technology to gain speed advantage in new product dcveiopmenl. Similarly, when technology experiences a shorter life cycle, firms must enhance their R&D strength because each technology life cycle could squeeze those companies weak in R&D out of the served market. The formal testable hypotheses follow:
The faster the rate of technology change, ibe more intense the competitor knowledge process in new product developmenl will be. Hf(^. : Tbe faster Ihe rate of technology cbange. the greater tbe R&D .strength will be.
Perceived importance of market knowledge. Top management plays a key role in shaping an organization's behavioral activities (Deshpande, Farley, and Webster 1993; Kohli and Jaworski 1990) and providing an environment that is either conducive or inhibitory to behavioral processes of market knowledge generation (Gupta, Raj, and Wilemon 1986) . Unless top managers understand and appreciate the value ol market knowledge, the organization is unlikely to pursue vigorously those activities that generate market knowledge. Jaworski and Kohli (1993) empirically find that the amount of emphasis top managers place on markei information affects a firm's generation of market intelligence about competitors and customers, as well as its interdepartmental coordination. The formal, testable hypotheses follow:
H9a; The greater top management's perceived importance of market knowledge, the more intense the customer knowledge proce.ss in new product development will be. H91,: The grcaier top management's perceived imponance of market knowledge, the more intense the marketing-R&D interface in new product development will be. Hc,^.: The greater top management's perceived importance of market knowledge, the more intense the competitor knowledge proces.s in new product development will be.
Relationships between the perception of market knowledge and R&D strength are equivocal. Tbe two constructs may have a positive correlation wben top management believes that (I) R&D strength is essential in transforming market knowledge into a tangible product offering and (2) the potential of market knowledge cannot be realized fully witbout strong R&D capability. However, tbey may have a negative relationship if executives in the organization believe solely in tbe idea of a technology push and ignore tbe role of market knowledge. Consequently, executives may overemphasize tbe development of R&D strengtb while disregarding the importance of market knowledge. Therefore, we propose the following hypothesis:
H9d:Top management's perceived importance of market knowledge affects R&D strength. Figure 2 displays the construcls and the hypothesized relationships among them.
Method
Sampling Frame and Sample
Tbe U.S. software industry was selected to test tbe model. Tbe sampling frame was obtained from Corporate Tecbnology Infonnation Services, a company specializing in hightechnology company infonnation. The frame consisted of 1074 U.S. software companies and covered a wide spectrum. The annual revenues of the firms in the sampling frame ranged from $10 million to $4 billion. The firm size, measured in number of employees, varied from 30 to more than 40(X). The company age spanned from 5 to more than 30 years. Three waves of mailings were sent to the presidents or chief executive officers (CEOs) of the software firms in tbe sampling frame. Tbe first and third consisted of questionnaires, and tbe second was a postcard reminder. In addition, a telephone follow-up was conducted after the third mailing. Sixteen questionnaires were returned undelivered, and 23 companies wrote or called back expressing regret at their in- Technology change ability to participate. During the telephone follow-up, we further learned tbal 82 firms did not participate because they were software contract or consulting firms and did not develop their own new software products. From the remaining pool, 236 usable responses were received, whicb resulted in a 24.8% response rate. We conducted two tests to examine tbe possibility of nonresponse bias. First, we compared tbe distributions of tbe respondents in tbe sample and tbe potential respondents in the sampling frame. The low chisquares and higb probabilities indicate a lack of significant difference. Second, we compared early witb late respondents (AtTTistrong and Overton 1977). The first 75% of returned questionnaires were defined as early responses. Tbe last 25% were considered late responses and were deemed representative of firms tbat did not ultimately respond to the survey. Tbe means ofthe eight constructs in the two groups were compared, and no significant differences were found. Accordingly, we assume that nonresponse bias does not appear to be a significant problem.
Key Informants
Presidents and CEOs were selected as tbe key informants. Althougb presidents and CEOs were used as the key informants in similar research on new product development (Calantone, Vickery, and Drogc 1995), we adopted two established selection criteria in tbis study. Tbe first was position: Was the informant in a position to generalize "about patterns of behavior (related to the content of inquiry], after summarizing eitber observed or expected organizational relations" (Seidler 1974 . p. 817)? Presidents and CEOs of software firms were in such a position because tbey were organizers of software development events and were able to generalize patterns of tbeir firms' behavior in software development. Tbe second criterion was knowledge: Was the informant knowledgeable about the content of inquiry? In our pretest of nine software firms, we adopted a self-assessment of knowledgcability, as is suggested by Kumar, Stern, and Anderson (1993) . We asked the potential informants how knowledgeable they were about the content of inquiry. On a seven-point Likert scale (anchored at "not very knowledgeable'V'very knowledgeable"), the mean response was 6.44 (s = .53). The mean was greater tban 5, the suggested threshold, tbus showing evidence of knowledgeability. Furthermore, presidents and CEOs were suitable for tbis study because a major facet of the research inquiry cut across the functional boundaries between marketing and R&D. Only persons at the top could sec the overview.
Levels of Analysis
Market knowledge competence was assessed at tbe level of a new product development program in an organization. We chose the program level for two reasons. First, core competence development is the task of the whole development program and sbould not be delegated to a technical team (Hamel and Prabalad 1994) . Second, attributes of a firm's product development program directly affect its new product outcomes (Moorman 1995) . In a recetit study, Ettlie (1995) finds a close link between tbe practices of tbe development program and product performance. The measures of the processes of market knowledge competence were indicated as being at the program level in tbe questionnaire. New product outcomes were assessed at a product level. Consistent witb Moorman's (1995) and Green. Barclay, and Ryans's (1995) studies, a new product in tbis researcb is defined as one in which there is a major functional change."* At tbe beginning of tbe questionnaire, each informant was asked to identify a new software product tbe company's development program bad intrcxJuced into tbe U.S. market for a minimum of 12 months and a maximum of 5 years and provide a description ofthe selected software and the industry tbe software served. Then the informant was requested to answer questions using tbe selected software as a reference.
Measure Development
Measures of tbe constructs were developed in several stages. In tbe first stage, based on the defined constructs, tentative measures were either borrowed or developed from the existing literature. In the second stage, to establish content validity, a list of defined constructs and measures was submitted to a panel of five marketing, computer science, and engineering academicians who were recognized as authorities on tbe subject of product innovation. We requested the panel members to assign each measure to tbe construct tbey believed was appropriate and note whether tbey thought tbe construct could be represented by any otber measures. In the third stage, case study interviews were conducted for item refinement. In tbe interviews, executives from three selected software companies were asked to comment on tbe clarity and relevance of tbe measures, and the items were refined accordingly. Finally, a pretest was conducted among nine software firms.
The custotner knowledge process was measured by eigbl items on a seven-point semantic differential scale (the seven-poin( semantic differential was used for all subsequent items, unless noted otherwise). Adapted from Edgett, Sbipley, and Forbes's (1992) and Griffin and Hauser's (1991) Prior research has identified three lypes ot new products: (1) inventive, (2) innovative, and (3) incremental. An inventive new product refers to a product thai is created for the inception of a new product category, for example, the first car with power steering (1930), television (1935), or computers (1946) . An innovative new product is a produci with a major functional change. For example, each generation of floppy disks, that is. 8", 51^". and 31^", was considered an innovative new product, relative to its predecessor, becau.se each involved a substanlial amount of change in access speed, storage capacity, and ease of use. In the software industry. Lotus Notes Is a good example of an innovative product. Although network software products existed before its introduction, Lotus Notes allowed everyone on the network to share information and build common databases, an important function other products did nol have. An incremental new product refers lo a produci with some modification. Kellogg's Eggo Nutri-Grain Waffics is an example of an incremenlal new produci because ihe only "newness" of Ihc prtKiuct is increa.sed whcal grain added to the waflle. We followed two procedures to select the defined new produci. First, in the beginning of ihe questionnaire, we instructed the respondenl that a new software produci was a product with a major funclional change. Second, the respondcni was instructed to describe, in a paragraph, the new software selected. We used an industry expert to check the product descriptions and verify the produci lype. studies, tbese items assessed the intensity of three key aspccls of customer knowledge generation: intotTTiation acquisition, interpretation, and integration. Table I displays all  tbe measures and tbeir sources. Tbe markcting-R&D interface was measured using an eight-item scale. These items wore developed from prior research in new product dcvcloptnent (Gupta. Raj. and Wilemon 1986; Moenaert and Souder 1990) . They concentrated on (he intensity of behavioral activities of marketing-R&D communication and cooperation.
The competitor knowledge process was measured using a five-item scale adapted from Day and Wcnsley's (1988) and Dickson's (1992) studies. These items assessed the intensity of three aspects of behavioral activities of competitor knowledge generation: competitor information acquisition, interpretation, and integration.
Research and development strengtb was measured by tbrcc items. Tbe first was the R&D expenditure in dollars relative to sales (Cooper 1984) . The next two items asked the infbnnant to assess the strength of the company's R&D investment and proprietary technology relative to its largest competitor's. The two judgmental scales are rooted in PIMS study measures (Buzzell and Gale 1987) .
New product advantage was measured by seven items adopled frotn two sources. Items of newness, productivity, and uniqueness were borrowed from Cooper (1983 Cooper ( , 1992 and Cravi-ford (1987) , wbo consistently identify tbcsc items as valid indicators of new product advantage. Items of reliability, compatibility, and ease of use were specific measures of software product advantage. Tbey were borrowed from Applied Software Measurement (Jones 1991) and Total Quality Management for Software (Scbulmcyer and McManus 1992) . two widely accepted tiieasurcmcnt studies in the industry. Together, these measures assessed a firm's new product advantage in relation to its largest competitor's ptt)duct using a seven-point scale ranging from 'not superior at all" to "extremely superior" (see Table 1 ).
Market performance was measured by four indicators. Following Jaworski and Kohli's (1993) work, botb judgmental and objective measures were adopted. Two judgmental indicators were relative intraindustry measures borrowed from Samiee and Roth (1992) . These measures enabled the informant to a.ssess the company's software markel performance on bclore-tax profit and return on investment, relative to its competition, using a five-point scale. Each scale pt)int for the measure reflected the performance of the company in the served market within 20-perccntage-point intervals.-*" The objective measures were the firm's actual dollar sbare of the served market (Buzzell and Gale 1987) and pretax profit margin. was measured by six items. Consistent with Wheelwright and Clark's (1992) study, the respondents were requested to evaluate their customers' demandingness for product quality, productivity, reliability, cost, service, and technical specifications in comparison with other customers in tbe same industry. Competition intensity was measured using a fouritem scale. Following Gupta, Raj, and Wilctnon's (1986) and Kohli and Jaworski's (1990) research, these items assessed several key features of competition in the served market, including market predictability, volatility, and competitiveness. Technology change was measured using a three-item scale. Using the established practice in tbe software industry as a basis (Jones 1991) , two items examined new software introduction rate and product obsolescence rate (botb measured from one to seven years). The third was a judgtnental item asking tbe informant to assess the rate of technology cbange using a seven-point scale that ranged from "slow" to "fast." The internal antecedent focused on top management's perception of the importance of market knowledge, and a five-item scale was adopted.
Reliability and Validity of Measures
Following Gerbing and Anderson's (1988) work, v^e purified tbe measures by assessing tbeir reliability and unidimensionality. We examined the item-to-total correlations for the items in each of the proposed scales and deleted items with low correlations tbat did not represent an additional domain of interest. The last column in Table 1 presents the Cronbach's alpba for each construct. An inspection ofthe alpha coefficients reveals tbat, among tbe ten alpba coefficients, nine are eitber equal to or greater tban .70, whicb indicates reliability (Nunnally 1978) . The alpha coefficient lor technology change is somewbat smaller but close to the satisfactory level of .70. Following Germain. Drogc, and Daugbcrty's (1994) suggestion, the ten constructs were subjected separately to principal components analyses. In each case, only the first eigenvalue was greater than one. which provides support for tbe unidimcnsionality of these scales.
To assess the discriminant validity of the subsets of measures, we adopted a procedure recommended by Bagozzi. Yi, and Pbillips (1991) . Witbin each subset of measures, we examined pairs of constructs in a series of two-factor confirmatory factor models, using EQS. For example, the set of measures for a customer knowledge process was paired with the marketing-R&D interface. We ran each model twice, once constraining tbe correlations between the two constructs to unity and once freeing tbis parainetct. Then a cbisquarc difference test was conducted, Tbe results indicate that the chi-square values were significantly lower for the uticon.struincd models.^ For example, three sets of confirmatory factor models were run lor the three constructs of market knowledge competence. The chi-square differences from the tbree sets are 47.43. 50.21, and 82.41. respectively ip < .01). whicb suggests that the constructs exhibit discriminant validity. In total, 30 tnodels were run, involving ''Because of space limits, we do not include the lengthy results of the discriminant validity analysis here. They can be furnished on request. Moenaert and Souder (1990) Griffin and Hauser (1991) Souder (1988) Developed from Dickson (1992) Day and Wensley
New item Cooper (1984) Buzzell and Gale
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CUSTOMER KNOWLEDGE PROCESS
In our new product development program: 1. We rarely/regularly meet customers to learn their current .89 and potential needs for new products. 2. Our knowledge of customer needs is scant/thorough. 3. We rarely/regularly use research procedures, e.g. personal interviews, focus groups, and surveys, to gather customer information. 4. We casually/systematically process and analyze customer information. 5. Customer information is barely/fully integrated in new software design. 6. We seldom/regularly use customers to test and evaluate new products. 7. We barely/fully understand our customers' business. 8. We rarely/regularly study customers' operations for new product development.
MARKETING-R&D INTERFACE
In our new product development program, marketing and R&D: 1. Rarely/regularly communicate for new product development. 2. Rarely/regularly share information on customers. 3. Rarely/regularly share information about competitors' products and strategies, (reverse coding) 4. Seldom/fully cooperate in establishing new product development goals and priorities. 5. Seldom/fully cooperate in generating and screening new product ideas and testing concepts. 6. Seldom/fully cooperate in evaluating and refining new software. 7. Are inadequately/fully represented on our product development team, (reverse coding) 8. Technological knowledge and market knowledge are never/fully integrated in our new product development.
COMPETITOR KNOWLEDGE PROCESS
In our new product development program: 1. We rarely/regularly search and collect information about our competitors' products and strategies. 2. We casually/systematically analyze information about competitors. 3. Information about competitors' products is scarcely/fully integrated as a benchmark in our product design. 4. Our knowledge of our competitors' strengths and weaknesses is scant/thorough. 5. We rarely/regularly study our competitors' software. .78
R&D STRENGTH
.85
.
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.68 .62 -15 pairs of comparison. The chi-square differenees were al! significant al p < .01. The measures were suhjecled iurlher lo confirmatory factor analysis through EQS (Bentler 1989) . The covarianee matrix was used as input for confirmatory factor analysis. Table 1 displays the results ofthe EQS confirmatory factor analysis. The Bentler-Bonnet normed fit index (NFI) and nonnormed fit index (NNFI) and the comparative fil index (CFl) are .99, which indicates good fit of the confirmatory measurement model (Bentler 1990 ). In addition, the EQS confirmatory analysis estimates ihe item-construct loadings and t-test statistics for the measurement model. As we show in Tahle I, all the measures load significantly on their respective constructs at a significance level of .01, demonstrating adequate convergent validity.
Having satisfied the requiremcni arising from the measurement issues, we subsequently tested the structural relationships using EQS path analysis (Bentler 1989) . The constructs in the path model were represented with summated scores using equally weighted scales developed from the results of the confirmatory factor analysis.^ The correlation matrix of the constructs appears in Tahle 2. The use of .summary-item constructs is suggested by Calantone, Schmidt, and Song (1996) . Cavusgil and Zou (1994) , and Price, Amould, and Tierney (1995) , because the method yields an acceptable variable-to-sample-size ratio and reduces the model's complexity.
Research Findings and Discussion
The model was tested using the Generalized Least Squares method (GLS) in EQS. According to Hu and Bentler (1995) , GLS has less stringent requirements for sample sizes and performs hetter for small sample sizes (n < 250). Given the sample size of this study, GLS was the proper choice. Tahle 
The Impact of Market Knowledge Competence
This research centers on the relationships between market knowledge competence and new product advantage. As we show in Table 3 , the relationships appear to be positive, with each component of market knowledge competence having a significant impact (p < ,01). Acustomer knowledge proeess, as is hypothesized in H|, affects new product advantage (standardized p = .23). Hi and H3 also are supported, because the marketing-R&D interface and a competitor knowledge process have positive impacts on new product advantage (p = .34 and p = .20, respectively). These results provide evidence in support of the theory that the three processes of market knowledge competence are critical in creating superior new products. Among the three components, the marketing-R&D interface has the largest standardized coefficient and, therefore, might exert the strongest influence on new product advantage. As is proposed in H4. R&D strength appears to be correlated with new product advantage (P = .26), which suggests that R&D in a firm plays a signifieant role in enhancing product advantage.
The ultimate goal of new product development is to improve market performance. As we show in Table 3 , H5 is supported, with new product advantage exerting a significant influence on new product market performance (P = .80, p < .01). This finding substantiates a close linkage between behavioral processes of market knowledge competence and product market performance and suggests that market knowledge competence leads to better product market perfonnanee by enhancing new product advantage.
External and Internal Antecedents
As we indicate in Table 3 , customer demandingness appears to affect the intensity of both a customer knowledge process (H(,y, p = .24, p < .01) and the markeling-R&D interface (Hftb. P = -34, p < .01). This suggests that the behavioral activities of market knowledge eompetence are influenced by the characteristics of customers. This finding seems to corroborate Von Hippel's (1986) perspective of lead users. Von Hippel suggests that interaction with lead users, defined as those customers who are more sophisticated and demanding than the rest of the customers in a product market, strengthens a firm's new product program. The relationship between customer demandingness and R&D strength is also signifieant (p = .25, p < .01), which provides some evidence in support of the proposition (H^^) that, when cu.stomers are more demanding, a firm is more likely to strengthen its R&D.
The relationship (H7) between competition intensity and a competitor knowledge process is not significant. To some extent, this finding corroborates studies by Jaworski and Kohli (1993) and Slater and Narver (1994) , who find that a competitive environment does not have a direct effect on a firm's behavioral activities. However, il is possible that competition intensity is a eonstruct that moderates the relationship between a competitor knowledge process and new product advantage.
Technology change does not have a significant impact on the intensity of a eustomer knowledge process (Hg^). However, the relationship between technology change and the intensity of a competitor knowledge pUK'ess is significanlly positive {H^^. p = .26, p < .01). which indicates that, when a product's life cycle shortens, fimis are more likely to intensify their competitor intelligence activities. Thi.s finding also may suggest that, in an intense environment of technology competition, companies might simplify their task by foeusing on key competitors. H^c is not supported, which suggests that it may not be common practice for firms to increase their R&D investment in a market that experiences rapid technology change. Firms might believe it risky to increase R&D investment in a technologically uncertain market.
Finally, Hy^-Hyj are supported, with top management's perceived importance of market knowledge exerting a significant, positive influence on the three constructs of market knowledge competence and R&D strength. An inspection of the standardized coefficients shows that the correlations between top management perception and these constructs are greater than .30. The strong correlations suggest that behavioral activities in new product development are associated closely with executives' philosophical thinking.
Implications and Discussion
Managerial Implications
This study offers several guidelines for practitioners to develop market knowledge competence. First, our findings show thai market knowledge competence consists of multiple proces.ses, and each process has an impact on new product advantage. This underlines the necessity of including a complete set of the processes in new product development. Although many firms realize the importance of generating market knowledge, there is a tendency among managers to overemphasize one process while ignoring others (Day and Wensley I9SS) . For example, a firm overvaluing the need for a customer knowledge process might exclude a competitor knowledge process, or vice versa. Such an imbalanced practice might result in fragmentary market knowledge and weaken the effectiveness of a knowledge generation system. Second, we demonstrate that the three processes of market knowledge competence are distinct constructs with unique functions. This underscores the importance of process differentiation. Because the customer and the eompetitor are separate objects of perception, firms must use different sets of cognitive activities to learn about and understand them. Furthermore, process differentiation enables employees to acquire the expertise required by each process and increase process productivity. Third, the results show that the three processes cast different levels of influence on new product advantage, with the marketing-R&D interface exerting the greatest intluence. This highlights the importance of process prioritization. A firm should prioritize the three processes according to their contributions to product advantages and then use this priority list to determine resource allocation. Process prioritization enables a firm to make efficient use of its resources and fully realize the process potentials.
The findings pertaining to customer characteristics implicate customer interaction in new product deveiopment. Our research shows that customer characteristics, such as demandingne.ss and sophistication, are correlated positively with the intensity of a cu.stomer knowledge process. Therefore, it is beneficial for finns to treat customers with these characteristics as partners in new product development. As partners, their role is not hmited to voicing needs. They can help crystallize product concepts and critically evaluate product designs and final offerings. The linkage between customer characteristics and the marketing-R&D interface suggests a constructive role for this customer group. As participants, they can facilitate the interface process. Interfunctional conflict arising from different opinions about product solution is a prominent issue in the marketing-R&D interface (Gupta, Raj, and Wilemon 1986) . Customers who are knowledgeable and articulate can help reconcile the differences between the two functions by expressing their unique user perspectives. Moreover, their involvement can stimulate the interfunctional communication because they bring fresh ideas and pointed opinions to the process. Customer characteristics also have significant implications for technology development. Technology selection is a crucial issue in technology development {Wheelwright and Clark 1992). Improper selection inevitably drains R&D investment and efforts. Involving informed customers to assess technology feasibility might be a prudent decision in reducing investment risk.
This study offers critical insights to competence choice. The debate among practitioners about competence development often treats a market knowledge competence and a technology competence as two exclusive capabilities. For example, Chidamber and Kon (1994) find that decision makers often post competence selection as an either/or question. In this research, we demonstrate that both market knowledge competence and R&D strength contribute to new product advantage. This underscores the importance of adopting a comprehensive view. According to Day (1994) , each type of competence has a unique function. Market knowledge competence is an external capability that links a firm with the market; technology development is an internal capability that sustains a firm's market position. Therefore, companies cannot afford to take an exclusive position. The exclusive view of competence choice can he attributed to the diverse professional backgrounds of decision makers and to interdepartmental conflicts (Chidamber and Kon 1994) . Although sueh a view might enhance the relative position of a department in regard to resource allocation, it will do so by sacrificing the overall product competitiveness of an organization.
Scholarly Implications and Further Research
In this study, we advance research on market knowledge competence in new product development in two important aspects. First, we develop a eonceptual framework to define the concept of market knowledge competence. Second, we validate our conceptualization using data collected from the software industry. Our study also offers significant implications in several other areas.
The first area is development cycle time. Recently, Wind and Mahajan (1997) identified cycle time reduction as one of the key issues in new product development. We believe that our findings lay the groundwork for further research on dcveiopmenl cycle time. We speculate that the constructs of market knowledge competence may affect development cyele time. A customer knowledge process may help shorten cycle time. In today's market, customer preferences can change rapidly with new developments in technology. For example, the invention of high-definition television and its availability changed, almost overnight, the expectations of high-end users of television products everywhere. A customer leaming process may offer firms a solution to the changing markets by collecting and processing information on a concurrent basis. Alternatively, a competitor knowledge process may reduce cycle time by promptly generating infonnation about competitors' development speed and entry intentions. In a elose race, such knowledge can be used as a stimulus to motivate employees to beat the competition.
A second area relates to the first-mover issue. The study of the first mover centers on the performances of those companies that achieve the shortest time to market. However, the findings of previous research (Kerin. Varadarajan, and Peterson 1992) suggest that getting to market first does not necessarily ensure first-mover gains. Although some companies succeed in translating the lead in time into a lead in market share and profits, others fail to do so. An application of the concept of market knowledge eompetence will provide valuable insights into the performance di.screpancies. Specifically, the processes of market knowledge competence may play a role in moderating the relationships between lead time and performance. We speculate that, among the first movers, those that are more adept at generating market knowledge will be able to achieve better performance because ihey will have better access to information about customer preferences for product quality and other attributes that are conducive to market acceptance. As Wind and Mahajan (1997, p. 4) predict, the real challenge is not how to gain lead time but "how to do so without negatively affecting the quality of the product." An integration of market knowledge eompetence with the first-mover issue will help identify those finns that are more likely to meet the challenge, as well as demonstrate how they will do so.
A third area pertains to the implications of other measures of product performance. In this research, performance measures are confined to market indicators; measures of perceived success and failure are not included. Additional research could extend this study by designing measures that link a firm's perceived success and failure with its product market performance. For example, in this study we asked firms to estimate their product performance against their competitors'. A future study eould request firms to assess their market performance relative to their expectations. Furthermore, additional research could employ time as a criterion, because duration can be a significant indicator of success.
The last research area is process management. In this research, though we investigate the impact of the processes of market knowledge competence, we do not examine how these processes are managed. There are three major management issues. The first is top management's involvement. Top management might be involved in different stages of process development, including process design, implementation, and maintenance. What are the relationships between the extent of such involvement and the process effectiveness? Does top management's participation in the processes improve product performance? The second issue is organizational mechanisms. The processes of market knowledge competence exist in certain organizational mechanisms. For example, the marketing-R&D interface can be implemented by joint committees and project teams. What other mechanisms are involved? Does the choice of organizational mechanisms have an effect on these processes? The third issue is the evaluation and reward system. Process effectiveness depends on participants' perfonnance. What measures currently are adopted by organizations to evaluate employees' performanee in these processes? Presumably, there is a connection between participants' performance in the processes and product market outcomes. Does the evaluation system reeognize this linkage? An investigation of these questions will elevate researeh of market knowledge competence to a new altitude.
